Introduction
The rainbow trout (Oncorhynchus mykiss) is a commercially important coldwater fish which is generally cultured in Indian upland region. The colonization of aquatic fungi in teleost fish is a severe problem affecting both wild and cultured fish population. However, the fungal infection is more abundant in the captive environment which adversely affects fish industry. An external fungal infection cause lesions, subsequently become enlarge and may lead death (Hoffman, 1963) . Stress, physical injury, malnutrition and poor water quality increase the susceptibility of fungal infections (Roth, 1972; Piper et al., 1983) . Gill, kidney and liver are responsible for vital functions such as respiration, excretion, erythropoiesis, regulating blood pressure and the accumulation and biotransformation of xenobiotics in the fish (Hole, 1992; Gernhofer et al., 2001; Aguis and Robert, 2003) . The alterations found in these organs are easier to identify than functional ones (Fanta et al., 2003) , and serveas warning signs of damage to animal health (Hinton and Laurén, 1990) . Hence, the study of tissue deformities in respect to fungal infection which Histological Alterations in Gill, Liver and Kidney of Rainbow Trout following Fungal Infection is commonly encountered in cold water aquaculture needs to be studied in order to attain maximum yield. Keeping this in mind, the present study was carried out in order to understand and describe the degree of histological alterations in gill, kidney and liver following fungal infection.
Materials and Methods
Six adult live specimens (fungal infected as well as healthy rainbow trout) were collected from Experiment Field Centre of Directorate of Cold Water Fisheries Research (ICAR), Champawat (80° 07' N, 29° 30' N, and 1620 msl) , Uttarakhand, India. After, being taken to the laboratory, fishes were dissected and the samples of gill, liver, kidney were fixed in Bouin's fixative for 24 hours. After fixation, the samples were washed in water, dehydrated in graded ethanol solutions, cleared in xylene and embedded in paraffin. Paraffin blocks were sectioned 5-6 µm thick on a microtome (Microm HM 340E). The resulted sections were dewaxed and stained for histological purposes with haematoxylin and eosin (H and E) (Delafield, 1885) . Histological sections were examined through light microscope (Magnus MLX-DX) equipped with digital camera (Olympus E-420) at the magnification of 100x to 1000x.
Results and Discussion

Gills
The histological analysis of healthy fish gill indicated the primary gill lamella (PL) contains a centrally placed rod like axis (CA) with a row of secondary gill lamellae (SL) on both side of it. The secondary lamellae attached at their base with the primary lamellae free at their distal ends and covered by highly vascularized thin epithelial cells (EC). Inter lamellar region (ILR) is present between the two adjacent secondary lamella ( Fig. 1a and 1b) . However, histological observations in fungal infected rainbow trout clearly indicated the cytoarchitectural distortion of gills with marked, hypertrophy and hyperplasia of pillar and epithelial cells resulting in the fusion of secondary lamellae. Epithelium of secondary lamellae showed cloudy swelling. Inter lamellar region was reduced or completely absent in some places between the secondary lamella. Extensive disruption of primary lamella was also observed. More severe lesions were observed in the gill with hemorrhage due torupture of lamellar epithelium ( Fig. 1c and 1d ).
The gills of fish are multi functional organs as they participate in respiration, osmoregulation, acid-base balance, excretion. They Remain in close contact with the external environment, which also makes them extremely sensitive to changes in the quality of the water. They are considered the primary target of the contaminants (Poleksic and Mitrovic, 1994; Mazon et al., 2002; Fernandes and Mazon, 2003 ; Au, 2004). According to the observations in the present study, fungi cause major histomorphological alterations in the gill of O. mykiss like hyperplasia, hypertrophy, completely fusion of secondary lamellae are examples of defense mechanisms. These may result in the increase of distance between the external environment and blood which act as a barrier. Similar observation were also seen by other workers (Mallatt, 1985; Hinton and Lauren, 1990; Poleksic and Mitrovic, 1994; Fernandes and Mazon, 2003) . On the other hand, fusion of secondary lamella decreased inter lamellar distance, results in reduction in the diffusion conductance of the gills to respiratory gases (Greco et al., 1995; Perry et al., 1996) , leading to impaired oxygen uptake by gills. The results of the present study also depict the same.
Liver
In general, the surface of liver is enclosed by serous membrane and connective tissue extends inward into parenchyma. The histological analysis of healthy liver tissue of rainbow trout indicates that the hepatocytes are rounded polygonal cells with spherical nucleus, arranged in distinct tubules. Tubules contain 5 to 7 hepatocytes arranged radially around with their apices surrounding a billary lumen. The basal aspects of hepatocytes faced the perisinusoidal space. Sinusoids appeared in the intersticial between hepatic tubules in our present experiment (Fig. 2a) .
However, it was observed in the present study that fungal infection causes discrete pathological changes in the liver tissue of fish. These changes include blood congestion, increased accumulation of melano-macrophage and vacuole formation. Vacuolization observed are zones of total cell degeneration ( Fig. 2b and  2c) . Similar changes were also observed in the liver after exposure of various contaminants (Masud et al., 2001 , Butchiram., 2009 ). Melano-macrophage aggregation at the site of blood congestion as these develop in association with chronic inflammatory lesions (Aguius and Robert, 2003) . The result of our study also revealed the same.
Kidney
The histological analysis of kidney of healthyrainbow trout consists of the functional unit called nephrone which contains glomerulus, Bowman's capsule, proximal, distal and collecting tubules. The hematopoietic tissue present between the tubules. Occasionally, Melanomacrophage centers located in hematopoietic tissue ( Fig. 3a and 3b) .
However, histological analysis of infected tissue indicated degeneration of glomerular tuft. Bowmen's space of glomeruli became increased (Fig. 3c) . Similar alterations in the kidney have also been reported in the fishes exposed to various compound such as zinc, lead, copper (Al-Zahaby et al., 1998) , trichlorfon (Marcelo et al., 2002) , nitrate (Iqbal et al., 2004) , dimethoate (Singh, 2012) , ethylenediaminetetraacetic acid (Ghorashi et al., 2013) . It is known that maleno-macrophage contained macrophages and a variety of pigments including melanins, lipofuscin, ceroid and hemosiderin (Couillard et al., 1999) . The accumulation of melanomacrophage was more apparent in fungal infected kidney tissue as observed in our study (Fig. 3c) . Density of melanomacrophage increased in the condition of environmental stress, in the presence of cachectic disease and also develops in association with chronic inflammatory lesions elsewhere in the body (Vijayan and Leatherland, 1988; Agius and Roberts, 2003) . Handy and Penrice (1993) also observed melano-macrophage in the kidney of trout (Salmotrutta) and Tilapia (Oreochromismossambicus) exposed to mercuric chloride. Hematopoietic tissue formed a supporting matrix for the nephrons (Hickman and Trump, 1969 ). An extreme enhancement was also evident in hematopoietic tissue and it spread over large area, which may be an effort to provide additional support to degenerating nephrons.
The result of the present study revealed that histology may be an effective tool in describing the histomorphological alterations in the selective tissue of rainbow trout having fungal infection. As a result, the current effort will certainly help to understand the severity of fungal infection in the production system and thereby to take successful strategies to maximize the yield in the cold water aquaculture of rainbow trout.
